Pregnanes in Asclepiadaceae plants have been studied actively since the 1960s, and many pregnanes and pregnane glycosides were disclosed in several genera. Hoya carnosa R. BR. is one of the liana belonging to Asclepiadaceae and grown in the Ryukyu district. The pregnane ingredients in this plant, however, have not yet been investigated, although cyclitols were studied.
Pregnanes in Asclepiadaceae plants have been studied actively since the 1960s, and many pregnanes and pregnane glycosides were disclosed in several genera. Hoya carnosa R. BR. is one of the liana belonging to Asclepiadaceae and grown in the Ryukyu district. The pregnane ingredients in this plant, however, have not yet been investigated, although cyclitols were studied. 1) As a part of our investigation of the steroidal constituents from Apocynaceae 2) and Asclepiadaceae 3) plants, pregnanes and pregnane glycosides from the caules of this plant were examined in advance of those from the leaves.
When the air-dried caules of H. carnosa were percolated with MeOH and the MeOH extract was partitioned with CHCl 3 -H 2 O, pregnan glycosides were observed in the CHCl 3 fraction. After a portion of the CHCl 3 extract was hydrolyzed under mild conditions, pregnanes and sugars were isolated using a silica gel column. From the pregnane fraction, eleven pregnanes (a-1-a-11) were obtained.
Five known pregnanes were identified to be drevogenin P (a-1), 4) drevogenin A (a-3), 4) 17b-marsdenin (a-4), 5) drebyssogenin J (a-8) 6 ) and marsectohexol (a-9), 7) based on comparisons of the NMR and MS data with those in the literature.
The high resolution (HR)-FAB-MS of a-2 suggested the molecular formula C 25 H 36 O 7 , which was two acetyl residues greater than a-1. The 13 C-NMR signals showed a similar pattern to those of a-1 and a-3. The presence of acetyl groups was confirmed by two 3H-singlet signals in the 1 H-NMR spectrum (d 1.96, 2.10) . In a-2, two carbinyl protons observed at d 3.67 (t, Jϭ10 Hz) and d 3.05 (d, Jϭ10 Hz) in a-1 were shifted to d 5.36 (t, Jϭ10 Hz) and d 4.83 (d, Jϭ10 Hz), respectively, with almost the same chemical shifts as those in 11,12-diacylated pregnanes such as a-3. The structure of a-2 was thus assigned to be 11,12-di-O-acetyldrevogenin P.
The relation similar to that between a-2 and a-1 was seen in comparison of the 1 H-NMR spectra between a-5 and a-4. The presence of two acetyl groups was suggested in a-5, based on two 3H-singlet signals at d 1.99 and 2.09, and also on the lower field shifts of two carbinyl protons in comparison with those of a-4 (Ddϭ1.62, 1.74 ppm, respectively). During the NMR measurement, the H-21 signal became am- biguous in the CD 3 OD solution, and finally disappeared after three weeks, accompanied by a broadened C-21 signal, as shown in the NMR chart of glycoside 6 ( Fig. 1 ). The molecular formula of a-5, initially afforded by the [MϩNa] ϩ peak at m/z 487.2309, was consistent with 17b-marsdenin 11,12-diacetate. The recovered sample from the NMR measurement showed a [MϩNa] ϩ peak at m/z 490.2497, 3 mass units larger than a-5, suggesting the substitution of 3H at C-21 by 3D.
In the 1 H-NMR spectrum of a-6, acetyl (d 1.98) and isovaleroyl residues (d 1.61, 6H, d; d 2.18, 2.30, 1H each, dd; d 2.10, 1H, m) were observed, as in a-3. The location of acetyl and isovaleroyl residues at the 11-and 12-hydroxy groups were confirmed by the correlation of H-11b (d 5.69) to the acetyl carbonyl carbon (d 171.5), and of H-12a (d 4.94) to the isovaleroyl carbonyl carbon (d 174.5), respectively, in the heteronuclear multiple-bond correlation (HMBC) spectroscopy. Therefore, a-6 was assigned to be 8-hydroxydrevogenin A (11-O-acetyl-12-O-isovaleroyl-17b-marsdenin). As observed in a-5, a-6 also showed a [MϩNa] ϩ peak at m/z 532.2967, 3 mass units larger than the peak expected for the molecular weight, after recovering the sample from the NMR measurement in CD 3 OD.
In the 1 H-NMR spectrum of a-7, the presence of acetyl and benzoyl groups was suggested by a 3H-singlet proton signal at d 1.67, and by five proton signals due to a benzoyl residue at d 7.51 (2H), 7.66 (1H), and 8.06 (2H). Most signals in the 1 H-and 13 C-NMR spectra coincided with those of a-6, except for signals due to a benzoyl residue instead of an isovaleroyl residue in a-6. Two carbinyl proton signals in the lower field assignable to H-11b (d 5.89) and H-12a (d 5.21) showed that the carbinols at C-11 and C-12 were acylated.
Locations of the acyl groups were confirmed to be 11-Oacetyl and 12-O-benzoyl, based on the correlations between the 11b-and 12a-protons and two carbonyl carbons of acetic acid and benzoic acid, respectively, in the HMBC spectrum. In the HR-FAB-MS of a-7, a [MϩNa] ϩ peak was observed at m/z 552.2651 (C 30 H 35 D 3 O 8 ϩNa), as in a-6, after being dissolved in CD 3 OD for two weeks. The structure of a-7 was assigned to be 11-O-acetyl-12-O-benzoyl-17b-marsdenin (5,6-didehydrocynafogenin).
The molecular formula of a-10 was suggested to be C 25 H 38 O 8 in the HR-FAB-MS peak at m/z 489.2465 ([Mϩ Na] ϩ ), and the acyl substituents were found to be two acetyl groups, since two 3H-proton signals were observed at d 2.01 and 2.05, and H-11b and H-12a were observed in the lower field (d 5.73, 4.87) in comparison with those of a-9. The presence of an 8b-hydroxy group was shown by a doublet signal of H-9 at d 1.90 (Jϭ11 Hz). The signals in the 13 C-NMR spectrum, including C-20 and C-16, which show different chemical shifts in C-20a and C-20b-carbinols, 8) were similar to those of a-9. The structure of a-10 was thus assignable as 11,12-di-O-acetylmarsectohexol (12-O-acetyllanceogenin).
HR-FAB-MS of a-11 afforded a [MϩNa] ϩ at m/z 429.2253, suggesting the molecular formula C 23 H 34 O 6 . Only one tertiary methyl group assignable to C-18 or C-19 was shown in the be H-3a and H-12a, the latter to be H-18 or H-19, based on their multiplicities. Four carbinol carbons were also observed in the 13 C-NMR spectrum: one each of the tertiary (d 87.0) and the primary (d 65.1) carbinol carbon signal, along with two secondary carbinol carbon signals (d 71.5, 73.6) which were assignable to C-3 and C-12, resepctively, based on 13 C-1 H correlation spectroscopy (COSY) and distortionless enhancement by polarization transfer (DEPT). The nuclear Overhauser effect (NOE) correlation between H-12a and H-17 (d 3.59) suggested the side chain at C-17 to be b. The hydroxymethylene protons at d 3.94 and 4.56 showed correlation with the primary carbinol carbon signal at d 65.1 in the 13 C-1 H COSY spectrum. As a result of the HMBC experiment, in which correlations were observed between the hydroxymethylene protons and the acetyl carbonyl carbon, C-5, C-9, C-10, the primary carbonyl carbon was assigned to be C-19. The methyl proton signal at d 0.93 also showed correlations to C-12, C-14 and C-17, and the 18-methyl group was confirmed. The structure was thus determined to be 19-Oacetyl-3b,12b,14b,19-tetrahydroxypregn-5-en-20-one. Based on the Japanese name of this plant, "sakura-ran", a-11 was named sakuragenin.
From the H 2 O layer of the hydrolysate, four sugars, cymarose (Cym), oleandrose (Ole), 6-deoxy-3-O-methylallose (Alm) and glucose (Glc) were isolated. Based on their optical rotation values, four sugars were all identified to be in the Dseries.
A CHCl 3 extract containing pregnane glycosides was then subjected to column chromatography (silica gel and octadecyl silica (ODS)) and HPLC to isolate twenty-three glycosides , including three known ones: dregeoside A p1 (6) , 9) dregeoside A o1 (7) 9) and condurangoside D o1 (10) . 5b) The sequence of the sugar moieties in the glycosides was examined using difference (DIF)-NOE measurement. Correlations of H-1 of sugar-1 to 3a-H of the aglycone, H-1 of sugar-2 to H-4 of sugar-1, H-1 of sugar-3 to H-4 of sugar-2, H-1 of sugar-4 to H-4 of sugar-3, and H-1 of sugar-5 to H-4 of sugar-4 were all observed in the DIF-NOE spectra.
All glycosides can be classified into four types of sugar sequences, ←Cym-Cym-Ole-Alm (type s-1), ←Cym-CymAlm-(4←1)-Glc (type s-2), ←Cym-Cym-Ole-Alm-(4←1)-Glc (type s-3), and ←Cym-Cym-Cym-Alm-(4←1)-Glc (type s-4) ( Table 3 ). Glycosides 1 (hoyacarnoside A), 4 (hoyacarnoside D), 6, 8 (hoyacarnoside F), 12 (hoyacarnoside I), 15 (hoyacarnoside L), 17 (hoyacarnoside M), 19 (hoyacarnoside P) and 22 (hoyacarnoside S) were classified into type s-1, and 2 (hoyacarnoside B), 9 (hoyacarnoside G) and 13 (hoyacarnoside J) into type s-2. Glycosides belonging to type s-3 were 3 (hoyacarnoside C), 5 (hoyacarnoside E), 7, 10, 14 (hoyacarnoside K), 16 (hoyacarnoside N), 18 (hoyacarnoside O), 20 (hoyacarnoside Q), 21 (hoyacarnoside R) and 23 (hoyacarnoside T), and the type s-4 sequence was seen in 11 (hoyacarnoside H) only.
All pregnanes obtained by hydrolysis appeared in glycosides 1-23, except for a-11. Types s-1 and s-3 were observed in almost all pregnanes (Chart 2).
On 1 H-NMR measurement of the pregnanes in CD 3 OD, deuterization was observed in H-21 of some samples. Decreasing intensity or the disappearance of 21-proton signals was observed in a-2, a-3, a-5, a-6, a-7 and their glycosides, 4, 6, 12, 16 and 18, all of which have 12b-O-acyl groups and a b-oriented 17-acetyl side chain, although a remarkable exchanging effect was not seen within two weeks in the case of a-2. When C-20 is a carbinol (a-8-a-10) or when a 17-acetyl side chain retains an a-orientation such as in ikemagenin or kidjolanin, 3, 10) no substitution of a proton to deuterium occurred. In a-1 and a-4, which have no acyl group at C-12, no substitution was seen.
In this study, pregnanes and pregnane glycosides from the caules were examined. The glycosides from the leaves are described elsewhere, along with minor glycosides from the caules. To our knowledge, sakuragenin is the first 19-ace- Chart 2 toxylated pregnane from a plant source. Its glycosides, however, have not yet been obtained.
Experimental
Melting points were taken on a hot stage apparatus without correction.
1 H-and 13 C-NMR spectra were measured by a JNM-A500 spectrometer in CD 3 OD or pyridine-d 5 , unless otherwise noted. Chemical shifts are given in d values, relative to internal tetramethylsilane, and the following abbreviations are used: sϭsinglet, dϭdoublet, tϭtriplet, qϭquartet, mϭmultiplet, ddϭdoublet of doublets, brϭbroad. HR-FAB-MS were recorded on a JEOL HX-110 spectrometer. Optical rotations are measured on a JASCO-DIP 360 polarimeter. The following solvent systems were used for column chromatography and TLC: 1, CHCl 3 -MeOH-H 2 O (10 : 1 : 1.2-7 : 3 : 1.6, bottom layer); 2, EtOAc-MeOH-H 2 O (8 : 1 : 1.2-6 : 1 : 1.2, top layer); 3, benzeneacetone (5 : 1-1 : 1). Spray reagent for TLC, 10% H 2 SO 4 .
Plant Materials H. carnosa R. BR. was collected in Okinawa in October, 1995 , and the leaves were removed from the caules and soaked in MeOH. The caules (4.5 kg) were cut and air-dried (dried weight, 1.7 kg). The dried caules were powdered and percolated with MeOH at room temperature. The whole MeOH solution was concentrated in vacuo and partitioned with CHCl 3 . A portion (8 g ) of the CHCl 3 extract (29 g) was purified on a silica gel column with solvent 1, and the fraction containing pregnane glycosides was subjected to hydrolysis with 0.05 N HCl-50% dioxane (80 ml) at 95°C for 2 h. After deacidification with Amberlite IRA 410, the solution was concentrated in vacuo and partitioned with CHCl 3 to separate pregnanes (CHCl 3 layer) and sugars (H 2 O layer).
Pregnanes The pregnane fraction was chromatographed on a silica gel column with solvent 1 to give eleven pregnanes (a-1-a-11), in which five were identified as drevogenin P (a-1), drevogenin A (a-3), 17b-marsdenin (a-4), drebyssogenin J (a-8) and marsectohexol (a-9), by comparisons of MS and NMR data with those in the literature. (a-1, 9 mg; a-2, 2 mg; a -3, 22 mg, a-4, 23 mg; a-5, 31 mg; a-6, 22 mg; a-7, 15 mg; a-8, 31 mg; a-9, 2 mg; a-10, 18 mg; a-11, 7 mg 
